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PH
Page9,equation(l): Thepowerterm — shouldbemltiplied

c(CL8M#
by thefactor550,sothatthisequationreads:

169.31DB~

[

550pH
P= ~

c(o.~)2 -

Thetextfollowingthiseqyationshould
thefollowingexplanation:

1T COS~J~(x) (1)
J

alsobe amendedto include

Thepressuresgivenby equation(1)arefreespacepres-
suresandforpurposesofthispaperweredoubledto accountfor
groundreflection.
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PROPELG3R-NOISECHARTSFORTRANSPORTAIRPMWS

By~y H. Hubbard

Calculationsofrotational-noiseandvortex-noiselevelsat a
distanceof300feetforengineratingsof1,000to 10,000horsepower
havebeenmadefora largenumberofpropellersin staticoperation.
Propellerswiththree,four,six,andeightbladesanddiametersof8,
12,16,and20feet.meconsidered.Theresultsarepresentedin chart
andtablefom forrapideslxlmationofthenoiselevelsandspectrum
intherangeoftipMachmmbersfromO.kOto 1.00. Applicationsof
thedatato tandemanddual-rotatingconfigurationsaregivenandthe
supersonic-typepropelleris alsobrieflyconsidered.

It isemphasizedthat,ifnoisereductionsme tobe obtainedor. ifpresentnoiselevelsaretobemaintainedforhigherpowerratings,
futurepropeld.erdesignsshouldoperateatlowertipMachnumbersthan

.* arecurrentlybeingused. Single-ratherthandual-rotatimgpropellers
werefoundto generatethelowestover-allnoiselevelsfora given
nuriberofblades.

INTRODUCTION

Theprincipalneighborhoodnuisancefactorinconnectionwithair-
ports.isthenoiseresultingfromgroundandflightoperationsofair-
craft.Theexternal-noiseproblemsarecurrentlyovershadowingthe
ever-presentproblemofproperprotectionforthepassengersandcrew.
Reference1 indicatesthatincreasingenginepowerratings,greater
trsfficdensities,sndgreaterconcentrationsofpopulationnearair-
portsarecombiningto intensifytheairportnoiseproblem.

Althoughthepossibilityisrecognizedthattheoperationof jet
enginesmayeventuallycreateanotherveryserioustrsnsport-airplane
noiseproblem,thepropelleris currentlyoneofthemajorsourcesof
extermilnoise.As enginepowerratingsincrease,propelJernoise
levels,ingeneral-,willalsoincreaseunlessa concertedeffortismade
intheinterestofnoisereduction.Forfuturepropelleraircrsft,the
adherenceto currentdesigntrendswillprobablynotbe feasibleif
noisereductionsaretobe obtainedorevenifpresentlevelsareto
be maintained.

—.. ——.
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References2 and3 de,slwiththenoiseandperformance,respectively, .
ofpropellersofpersonal-ownerairplanes.Thepresentpapersndrefer-
ence4,whichcoverapproximatelythesanerangesofpropellerparameters,
areessentiallyextensionsofthestudiesofreferences2 and3 topro- .
pellersoftransportairplanes.Infomnationinregardtonoiselevels
ispresentedinthepresentpaperto e-blethedesignerto evaluatenew
configurationsintheearlydesignstageandto evaluatethebenefits
frompossiblemodificationsto existingconfigurations.

SYMBOLS

%

VO.7
A

AB

N

s

B

T

%

D

I

T

TV

~R

P

J~(x)

P

rotationaltipMachnumber

sectionvelocityattheO.T-radiusstation,fps

propeller-diskarea,sqft

propeller-bladearea,sqft

propellerrotationalspeed,rpm

distancefrompropellerto observer,ft

nmber ofblades

thrust,lb

powerinputtopropeller,@

propellerdiameter,ft

sound-pressurelevel,db < a.Qc9~2
r
L-

7
over-allsound-pressurelevel,db/

sound-pressurelevelofvortexnoise,db

sound-pressurelevelofrotationalnoise(sumationoffirst
fourbOldCS), db

root-mean-squaresoundpressureofa givenharmonic,dynes/sqcm

EesselfunctionofordermB andargumentx = 0.8MtmBsine

anglebetweenpropelleraxisofrotationsndlinefromcenter
ofpropellerto observer(rangesfrcm0° infrontofpro-
pellerto 180°behindit),deg

.

.
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,
LJ

%

Crf

CL

c

k,kl

m

P

f

Subscripts:

1,2, 3, 4

powercoefficient,
/(

N35550pHP ~) D

1()
N 2D4thrustcoefficient,T p ~

effectiveliftcoefficient,asdefinedh appendixC,

/
2T pABV&72

soundspeed,fps

constantsofproportionality

orderofharmonic

airdensity,slugs/cu

frequency,cps

ft

nunberofthehannofic

ESTIMATIONOFPROPELLERNOISE

GeneralConsiderations

Mostexternal-noiseproblemsresultfromstaticoperationofaircraft
orfromtake-offandlandingoperations.Theaircraftintheseoperations
isrelativelycloseto theobserverand,inthetake-offconditionparti-
cularly,isusingmaximumpower.Forthepurposesofthepresentpaper,
thenoiseforvarioustransportpropellerconfigurationshasbeencalcu-
latedforstaticconditions.Theseresultsmayalsobe assumedto apply
approximatelyto conditionsoflowforwardspeedas intake-offand
landing.

Noisefrompropellersconsistsofa rotationalcomponentanda vortex
component.Therotationalcomponentisduetothesteadyaerodynamic
forcesonthepropellerblade,fiereastk vofiexcomponentresultsfrom
thesheddingofvorticesfromthepropellerblade.Sincethelawsof
generationofthesetwocomponentsaredifferent,theymayvaryinimpor-
tanceastheoperatingconditionsofthepropellerchangeandalsoasthe
configurationchanges.Theseeffectsareillustratedqualitativelyin
figure1,whichalsoindicatesthenatureoftkse two noise mmponents.
Figurel(a)isa noisespectrumofa propelleroperatingneara tipMach-,

.—— — —-———. —-
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nmiberof1.0. Forthiscondition,
rotationalcanponent.Thespectrum
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themajorcontributionisfromthe
consistsof several&Lscretefre-

t.

quencieswhichareharmonicallyrelatedto thebladepassagefrequency
sadareof constantsmplitude. L

Figwe l(b)isthevortex-noisespectrumfroma rotatingcircular
rodandillustratesthenatti ofvortexnoisefrompropellers.This
noiseisrandomandhasa continuousspectrumovera rangeoffrequen-
ciesdeteminedby thesecti?nvelocityandgeumetry.Thefrequencies
areassociatedwiththeM&man vortexstreetinthewakeandw be
predictedby theStrouhalrelationas giveninreference5. Themsximum
intensityinfigurel(b)correspondsto theStrouhalfreqpencyinthe
wakeofthebladeat itshalf-radiussection.~ thecaseofa propeLler,
thevortex-noisespectrumwillusuallybe broaderthanthatoffigurel(b)
becauseofthevariationinbladethicknessalongthespan.

Forthecaseinwhicha propelleroperatesat a lowrotationalspeed,
therotationalandvortexcomponentsmaybe ofthesameorderofma@tude;
iftheyare,thetypeof spectrumshowninfigurel(c)results.Ingen-
eral,thevortexcomponenthasa higherfrequencycontentthantherota-
tionalcomponentandincreasesinintensityata slowerrateas a function
oftipspeed.As a result,high-andlow-tip-speedpropellerswillhave
quitedifferentnoisespectrums.Thevortexcomponentisassumedtobe ,>

mostintenseontheaxisofrotationinfrontofandbehindthepropeller
plszle(p=oo and p= 1800),whereastherotationalcomponentisus-
a msximumatvaluesofazimuthangle ~ between

ChartsandTables

900Snd1200.

Calculationsofpropellerrotational-andvortex-noiselevelshave
beenmadeby themethodsoutlinedinappendixesA andB ad inaccordance
withthesimplifyhgaerodynamicasswptionsofappendixC. Intensities
andfrequenciesofthefirstfourrotationalhamnonics,as calculated
fora distanceof300feetby themethmlofGutin(ref.6)inappendix A,
arelistedintableI fora widerangeofpropellerparameters.Fig-
ures2 to 7 givetherotational-andvortex-noiselevelsasfunctionsof
tipMachnmber forpropellersofthree,four,six,andeightbladesand
forengineratingsof1,000,2,000,4,000,6,000,8,000,and10,000horse-
power.Therotational-noisevalues,plottedasthesolid-linecurvesin
thesefigures,wereobtainedby a smunationofthenoisefromthefirst
fourrotationalhamnonicsaslistedintable1. Inorderto estimatethe
noiselevelsfortwoandfourpropellersinrandanphase,thevaluesgiven

b b figures2 to 7 shouldbe increasedby 3 and6decibels,respectively.

Vortex-noiselevels,presentedk figures2 to 7 asthedashedlines,
●

wereesthuatedby meansofthemethodoutlinedin appendixB,whichis
basedonreference7. Thevortex-noiselevelsfora givenpropellerare .

.
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higherforthestalledconditionthanfortheunstaJJ-edcondition.The
levelsoffigures2 to 7 srecalculatedfortheun.stdledconditionand
hencemaybe asmuchas10decibelstoolowforsme operatingconditions.

Single-rotatingpropellers.- ThedatapresentedintableI andin
figures2 to 7 aredirectlyapplicableto single-rotatingprope~ers.
A specialtypeof single-rotatingpropelleristhetandemconfiguration
whichconsistsoftwostagesofWades havingthesamethrustaxisand
directionofrotation.Onthebasisoftheresultsofreference6,the
noisefieldfromthisconfigurationisbelievedtobe a~roximatelythe
sameasfora conventionals@gle-rotatingpropelhrwiththesamenuniber
ofbladesandwiththessmeangularbladespacing.

Dual-rotatingpropellers.-Thedataoffigures2 to 7 mayslsobe
usedto estimatethenoisefromdualconfigurationswiththeaidoffig-
ure8. Thenoisefruna dual-rotatingpropellermaybe determinedfrom
thenoisefieldsofbothof itscomponentpropellers(ref.8). Figme 8
hasbeenpreparedto i~ustratethemannerinwhichthesenoisefields
addup. Thenoisefroma propellerhasbeenshowntobe independentof
itsdirectionofrotationandhence,inthedual-rotatingcase,the
instantaneousphasingofthebladesdeterminesthenatuiwofthesound
fieldgenerated.WS phenomenonisillustratedinfigure8,inwhich
theradiationpattermis shownby thesolidlinefora four-bladedual-
rotatingpropellerandby thedashedlinesfora two-bladesingle- and
a four-bladesingle-rotatingpropeller.Thetwostagesofbladesofthe
dual=rotatingpropelleraregearedsothatthebladesoverlaponaxesAA’
~ BB’smdareequaILyspacedalongaxesCC’andDD’. Thesoundinten-
kityisa maximumontheoverlapaxeswherethepropellerappearstothe
observerasa two-bladepropellerandisa minimmontheaxeswhereit
appearsasa four-bladepropeller.Inadditionto thechangeinover-
aKLlevelsasa functionoftheobserver’sposition,thespectrumsalso
change.OnpxesAA’andEB’thespectrumshavealltheharmonicsofa
two-bladepropeller,whereasonaxesCC‘ andDD’thespectrumshaveonly
thefreqwnciesofa four-bladepropeller.

Theintensityvariationsasa functionoftheobserverrsposition
canbe estimatedforvariousdualconfigurationswitha widerangeof
operatingconditionsfromthedataoffigures2 to 7. Forexample,it
canbe shownwiththeaidoffigurek(b)thatthenoiselevelsfora
six-bladedual-rotatingjpropellerabsorbing4,000horsepowerat a tip
Machnumberof0.80wouldvaryfrcmlJltou-6decibelsdependingon
theobserver’spositionrelativetotheoverlapaxis.Themaximumand
minimumvaluescorrespondtothosefora
single-rotatingpropeller,respectively,
thedualconfiguration.

three~bladeanda six-blade
atthessmepowerloadingas

.—-——..-— .--—-——— —— —. .-— —— — .—— -..
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Supersonic--propellers.-Theover-sllnoisefroma propeller
operatingat supersonictipspeedsmaybe estimatedfromthecurvesof
figure9,whichhavebeenpreparedby extrapolatingthemeasurements
ofreference9 to greaterdistancesandtohigher“powers.Thetests
ofreference9indicatedthatthenoisefromthistypeofpropeller
wasa maximmintheplaneofrotation,thatfora givenpowerloading
thenoisewasessentiallyindependentoftipMachnumberinthelow
supersonicrange,andthatonlya smallreductioninnoisecouldbe
expectedfroman increasednuuiberofblades.Althoughfigure9 applies
directlyto a two-blAepropellerata tipMachnumberof1.20,the
data ofthefiguremsybe interpretedasthemaximumnoiselevelsthat
wouldbe encounteredinthelowsupersonicrangeoftipspeedforany
propellersattheappropriatepowerloadings.

DISCUSSIONOFRESULTS

TipMachNumber

Thevariationof soundpressureasa functionoftipMachnmiber
at a constantpoweris showninfigures2 to 7 forvariouspropellers
inthesubsonictipMachnumberrange.Thesefiguresshowthata reduc-
tionintipMachnumberisalwaysbeneficialinreducingthenoiseand
thatthereductionsoccurata fasterrateforpropellerswitha larger
numberofblades.Sincethevortexnoisedecreasesata slowerrate
withtipMachnuuiberthantherotationalnoise,itmay%ecomerelatively
importantatthelowtipMachnmbsrs. ~ thatrangethepropeILer
noisespectrummaycontaina relativelyhighpropotiionofvortexnoise.

Althoughthesupersonic-typepropellerofferscertainweightand
performanceadvantages,itsusecommerciallymaybe greatlylimited
becauseofitshighnoiselevels.H sayeffortismadeintheinterest
ofnoisereduction,thetrendwouldbe towardlowertipspeedsthanare
currentlybeingusedratherthantowardhigherones.

IhmiberofBlades

An increaseinthenumberofbladesisgeneraldybeneficialin
reducingnoise. This principleiswell-establishedforconventicmal
single-rotatingpropellersandisbelievedtobe equallyapplicablefor
tandemconfigurationswithuniformangularbladespacing.Thevariation
of soundpressureas a functionofnmiberofbladesat a constantpower
isgiveninfigures2 to 7 forvarioustipWch numbers.Ingeneral,
thelargestnoisereductionsareobtainedatthelowertipMachnumibers
andrelativelysmallreductionsareobtainedatthehigherones. W the
tipMachnuniberrange,wherethevortexnoisemaybe anappreciablepart



NACATN2X8 7

.

w

ofthetotal,however,an increaseinthenu@er ofbladesmsyresult
inlittleorno over-allnoisereduction.

Dual-rotatingpropellershaveuniquedirectional.patternswhich
tendtominhdzetbebenefitsfroman increasednuniberofblades.Fig-
ure8 shows,forexsmple,thataneight-bladedualpropellerhaseight
maximmsandeightminimuminitsradiationpattern.As thenumberof
bladesincreases,themaxhumsandmimhmmsarespacedclosertogether
andhenceitbecomesmoredifficultto derivebenefitsfrcmthesedirec-
tionaleffects.As a resultofthisnonuniformnoisefield,a mall
changeintheorientationofthepropellerwithrespectto theobserver
my causea ratherlargechangeinthelevelofnoiseattheobsener’s
position.Themagnitudeofthisvariationinnoiselevelisa function
ofthepropellertipMachnuniber,andfora tipI&chnuuiberof0.50
thisvariationwouldbe oftheorderof20 decibelsfortheconditions
offigure5(c).An obsenerinsidetheairplanewouldnoxmall.ynotbe
subjectedto thisintensityvariationsincetheorientationofthe
propellerwithrespecttotheairplaneisfixed.Thisphenomenonwould
be especiallyannoyingto observersonthegroundduringmaneuvering
flightatlowaltitudes.

PowerLoading

Thepowerloadingofthepropellerisa functionofboththepower
inputtothepropellersmdthepropeXLerdiameter;figure10 showsthat
thenoisegeneratedisa functionofbothoftheseparameters.Forany
givenpropellerdiameterthesoundlevelsareseento increaseby approxi-
mately5 to 6 decibelsasthepowerisdoubled.Thisfindingisgeneral
andappliesa~roximatelyto alltipspeeds.

An appaentdiscrepancyariseswhenthepowerloadingischangedby
changingthediameterofa propeller.Figure10 indicates,forinstance,
thata halvingofthediameterfora givenpowerincreasesthesound
levelsby 5 to 6 decibels,whereasa 10to 12decibelincreasewouldbe
expectedsolelyonthebasisofa resultantquadruplingofthepower
loading. Twoeffectsareinvolvedoneofwhichpartiallycompensates
fortheother.A halvingofthedismetereffectivelydoublesthedis-
tancefromtheobservertothesourceandthustendstoneutralizethe
effectofincreasedpowerloading.Fora givenpowerinputtheuseof
as largea diameteraspossibleto reducethepowerloadingto a minimum
isadvantageous.

.

- .—. ——. ——_____ ——. . .. .
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CONCLUDINGREMARKS’

InformationwithwMch toestimatethenoisefrompropellersof
transportairplanesforvariousoperatingconditionshasbeenpresented.
Itisemphasizedthat,ifnoisereductionsaretohe obtainedorifpresent
noiselevelsaretobemaint~d forhigherpowerratings,futurepro-
pellerdesignsshouldoperateatlowertipMachnurribersthanarecur-
rentlybeingused. Single-ratherthandual-rotatingpropellerswere
foundto generatethelowestover-aJ2.noiselevelsfora givennumber
ofblades.

LangleyAeronauticalLaboratory,
NationslAdvisoryComitteeforAeronautics,

bmgleyField,Vs.,March18,1953.

.
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APPENDIXA

CALCULATIONOFROTATIONALNOISE

Rotational-noisevaluesofthepresentpaperhavebeencalculated
by themethodofGutininreference6,whichhasbeenconfirmedby the
experimentsofreference9. TheGutineqpationina formconvenientfor
engineeringuseisasfollows:

[

169.a pHp. 1T COS f3 J~(x)
2BA C(O.W)2

(1)

Thesound pressure p corresponding to a givenharmonicisthusseen
tobe a functionofthepower ~, tipMachnuniber~, numberof
bladesB,propellerdiameterD, propeller-diskarea A, andazimuth
angleoftheobserverp. Fortheprposesofthispaper,f3was
assumedtobe 105°sincethatvaluecorrespondstotheahgleof~
r~t~n-for mostofthepropellerconfigurationsconsidered.c!alculxl-
tionsweremadefora distances of300feet,a soundspeed c of
1,126feetpersecond,andvaluesofthrustT whichwereestimatedby
themethodofappendixC.

Calculationsofthesoundpressurep forvaluesof IUBcorre-
spondingto thefirstfourrotationalharmonicshavebeenmadeandcon-
vertedto sound-pressurelevels.ThesevaluesaregivenintableI along
withthecorrespondingfrequenciesforvariousccmibinationsofpropeller
tipMachnuuiber,numberofblades,andpowerinput.Summationshave
beenmadeby takingthesquarerootoftheam ofthesquaresofthe
pressureso~thefirstfourhamnonicsandtheseresults,titerconversion
to levelsIR indecibels,areplottedasthesoMd-linecurvesin
figures2 to ~.

“,

---— ——. — ..— _ ~ —.. . .—. —
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APPENDIXB

CALCULATIONOFVORTEXNOISE

Vortex-noiselevelswerecalculatedby a methodbasedonthework
ofYudininreference7. Forrotatingrodshavingairfoilsections,as
wellasforthosehavingcircularcrosssections,thevortex-noise
enera wasconcludedtobe proportionaltothefirstpoweroftheblade
areaandtothesixthpowerofthesectionvelocity.Thusthefollowing
equationwasusedto calculatethevortex-noise
figures2 to 7:

6
‘BVO.7T.=10loglo
~o-16

levelsindecibelsfor

(2)

where k istheconstantofproportionalityevaluatedtentativelyas

3.8x 10-27intheworkofreference2.

A plotofthevortex-noiselevelsasa functionofbladeareafor
a rangeoftipWch nuniberisgiveninfigureKL. FigureLL isa SUJDIWWY
ofthevortex-noiselevelsplottedasthedashedcurvesoffigures2
to 7 andshouldbe consideredtentativependingfurtherexperimental
confirmation.

.

.
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ESTIMATIONOFSTATICTHKUSTANDPROPELLER-BLADEAREA

In ordertomakecalculationsofthenoiselevelsgeneratedby
variouspropellerconfigurationsbymeansofequations(1)and(2),
someoftheinterrelatedaerodynamicandgeometricparametersmustbe
known. Someshplifyingassumptionsweremadein orderto expedite
thecalculationof staticthrustandpropeller-bladearea. Although
theyarenotconsideredadeqyateforaerodynamicstudies,theresulting
equationsareconsideredsatisfactoryforthepurposesofthispaper.

Figure12gives Cp perunithorsepoweras a functionoftipMach
numberforvariouspropellerdismeters.Foranyotherpowerrating,Cp
iseasilyobtahedbymultiplyingtheordinateoffigureW by the
horsepower.Forgivenvaluesof Cp, D, and ~ theassociatedstatic
thrustforuseinequation(1)wasdeterminedfromfigure13. Thethrust
calculationsoffigure13msdeuseoftherelation

where k1 isa constsntofproportionalityevaluatedas 0.75. This
valuewaschosenonthebasisofexperimentalresuitsofreference10
andappearstobe vslidforpropellersoperatingnearthestall.

Fromtheexpressionforclifferentislthrustgiveninreference11,
thefollowingewation,whichassumesthattheliftisawroximately
equaltotk-t&st, & be derived:

AB = 2T

WC?o.72

Forthepurposesofthispaperitisassumed
p = 0.002378slugspercubicfoot,andthat

th&LtcL=0.4,that
VO.7isthesection

,

.

.

velocityattheO.7-radiusstation.Thisexpressionforbladeareais
evaluatedfortherangesof staticthrustandtipMachnumberofthe
presentstudiesforuseincalculationsofvortexnoiselevelsfrom
equation(2).

. — .. —- . ..- —— .—— ..—–-



I-2 NACATN2968

1.

2.

3.

4.’

5.

6.

7*

8.

9.

10.

Il.

REFEKEKCES

President:sAirportComission:TheAirportandItsNeighbors.
May16,1952.

Hubbard,~y H.,andRegier,ArthurA.: Propeller-Im@ness
forI&M Airplanes.NACATN1358,1947.

Crigler,JohnL.,sd Jaquis,RobertE.: Propell..er-lltficiency
fori&ht ~bs. fiCA-TN1338,1947.

Gilman,Jesn,Jr.: Propeller-PerfomanceCharts
NACATN 2s66,1953.

l&zywoblocki,M. Zbigniew:Investigationofthe
WithApplicationoftheStroubalI?uniber.Jour.

forTransport

charts

charts

Airplanes.

Wing-WakeFrequency
Aero.Sci.,vol.l$?,

no.1, Jan.1945.

Gutin,L.: OntheSoundFieldofa RotatingPropeller.NACATM 1195,
1948.

Yudin,E. Y.: OntheVortexSoundfiamRotatingRods. NACATM u36,
1947.

Hubbard,my H.: SoundFromDual.-RotatingandMultipleSingle-
RotatingPropellers.NACA‘TN1654,1948.

Hubbard,~y H.,andLassiter,LesEe W.:
BladePropelleratSupersonicTipSpeeds.
(SupersedesNACARM L51C27.)

Gilman,Jean,Jr.: Static-ThrustandTorque

1

SoundFrom a Two- ;
NACARep.10~, 1952.

CharacteristicsofSingle-
and~-Rotating TractorPropellers.fiCAMR,Jume28,194-4.-

Glauert,H.: TheElementsofAerofoilandAirscrewTheory.Csmbridge
Univ.press, 1926,p.=3.

.-



t t ‘

I

,

(

I

Zmlz 11 12 13 IL II 12 13

MiEEIZ
f]

O.115!
.5 67
.6 81
.7 91
.0 m?
.9 123
1.0 Ill

DA 72
j ~

j l?:

.9 162
1.0 179

).b lD7
.5’m
.6 Ml.
.7 lea
.8 !a5
.9 2b2
..0269

U! LL3
.5 179
.6 215
.7 253.
.8 2M
.9 322
.0 35tl

q

a!
26!
32:

G

5?

P~-1(03 ~ - 10,OXI

-3
6
7!
8!
9!
10!
uT

911 7i
% 6:
Uxlm
103 %
1(X 3n:
m loi
UIU3

-iii
3.0:
m
lo!

%
w
—

91
9(
la
3-07
Ill
3.12
3X

I
39 312
65 lU
82 U7
95 lzi)
3.06123
U5 125
122 127

x
78
w

lo5
L15
la

%
8:
y
lo:
la

3—
35

.$
95
lM
M
122
.

32
56
n

J?
w!

2
10I
W
lx
12:
q

z
us
Ml
M
127
12?

9:
la
U(
11(
121
la
12s

u
%
99
13,0
U-9
326.

t

85 4:
91 57
97 83
lol 91
Lob n
lo7 l@
u 3J.O

711 Zll
83 50
92 67
nm
L03 92
107lm
Lllm

59 –
72 28
63 59
91 69
.02 83
@ 96
10 104

1
u 303
k2 10+3

:%
97 127
UO 123
U9 127

lo5

u.6

ml
1211
1s

39

E
M
101
m
123—
—

—

E
96
103
lm
L12
U6

!%
102

z
m
127—

:
95
3.02

116
la.

35
62
78

J;
U2
U9—
11
39
62

%
106
13.6

$
1(?5

117
121
125

–1 91
13

1.16

2
3.29

;’2
I’ll

12
11.5

&
ah
103
LM—

—

—
— U

I&
65

2
10
L.9
—

—
78
93.
102
110
m
123
128
—

27

K
103
LM

—
:

76
96
Llo

—
35

2
C9— — — —



—

%

—

:;

j

$
.6
.7

:!
.0

$

.6

.7

:;
.0
—
.L1
.5
.6
.7
.8
.9
,0

—

e.oti-mnmuwkvel, m

m
w-em

IEIzlI
m - Io,m

ROqueclOy,CPM

rz f3 q

72 lC$ W
50 131JlE
lM 161 23J
1’3 lee 251
llJ3215 26T
161 2L2 3Z
179 269 3%

% lJJ3L93
lW 179 ‘2x
lld 215 22$
W s 335
191 287

f’23.s323 x
239 358 M-a

ud 215 2$7
179 269 358
215 323 Lx
253.376 5)2
287 m 573
323@( &&
358 539 717

g $ f~

335%2 w
%2 573 7fJ.1
ix &5 8&I
$78n7 956

~
—

36
II;
m
63

K
93

~

72
all
96
109
w—
72

2
L25
lb3
la
179

z
U9
U3
.67
@l
?M
w

—

—

2
79
92
103
3.X2
us
—
13
39

E
911
lo7
117—
—

19
39

;2

—

.-

G

L!
—

20 97 76
g ~% ;;

78 104 103
89 103 106
99 112 3.1o
M U4 ilh

– ~ JdJ

:; 3X ii
67 w 911
50 m la?
93 I@ 108
01111.h113

- ?6 26
– 85 53
5 93 70
25 lm 83
63 1.c695
;; :; &h

– 63 –
-- 711 3)
— 86 53
u 911 72
1153.0286
701 a 98
n. 113 IKb9

—

39

.8
96
107
u
123

—

I/E
65

E
92

10-2
m

.

26
53

1!
Ill
—

G
53

E

G—
—

u
30
Q
88
103
—
--

—

$
76
96

—

.

;

;!
103
113
lla
—
32
3’8

;2
LCQ
L@
!J6
—

2

:

Lol
U2
—
—

16
35
73

23

—

T
102 82
U%n
3.o8w
Ulllx

?%
lW’ 319

306 85 63
lo8 9L 79
111 102 m
m l@ lm
117 U I.M
lm U.8 3X
122 122 M.

97 53 35
102 69 67
lM 95 78
13.33D3 92
117 Ill 103
U6 116 Ul
122 123.3.W

85 35 -
9h 62 28
lm 79 52
W 92 711
u lob 90
IJ.o2.121C41
3.22la 116

70 u —
all 59 -
95 62 19
3.0387 39
m 911 76
3.16
122 117

lo7
ul
96

.

llo
7.33
116
Ile

:$
126

—

z
95
105
320

M—
39

E
96

z
323

{

303E9

%2
117 11.1
120 2.16
122 la
lti la

M? z
Ill 97
115 m
lW 113
l’m 119
M la

;Z
UT5 81
3.U 911
3.16W
3.ZLW!
12h 122

65 3(
82 a
93 m
103 91
308 1P
m d
123 lx

34 u
& k
83. &
911 82
lo5 96
1111lc@
122 llg

- -

E G
n h
92 78
106 98
318 113

— —
— —

E ;
78 61
96 86
U3 107

i%
63
n
89

lZ

i

93 59

22
110 59
313 m
u 113
3J.933.9

82 32
91 #
9275
3.05fw
131.lm
215 w
119116

67
m;
n%

z;
U3m
l1913h

101
105
U3
UT
nl
122
126

90
98
106
113
w
123
126

ii

M?
115

125



I

I

I
I

J ~ - 10,CO3

I I I I I I I I , .. I-- IJ41
1 I I

c1



TAEL2I.- &ucJJdd

MIcmAEm satmPFEWuFx IWEls LX?mFEsrm Fm!A50tuL-mm.BE

HAFKMIm KmvMKlll~OFm Wrnm UXomIUc3

B

—

L

—

Flwplnoy, Ops

F—
1%
E
172
19L
215

z
lh3
172
202
;$

287
—
172
215
258
?01
m
387
W
—
229
237
Mb
hol
69
53.6
23
—

I I I , 1 1 1 1

T
f.3 f3

‘i%
&97

z%
97 w
m Ml

67 42
76 a
85 73
91 83

z 3
u% 105

35 -
m b
77 61
65 711
911 84
m 96
m 1o11

H G
Q 35
71J 57
86 73
96 88
1o11m

. .

R -i
6A 22
77 &

3.(??E

92 72
96 82
m m
lo2 m
u36 3Q2
10? 107
m Ul

‘WI 140
89 55
96 82
Ka m
lo5 99
105 105
m 111

72 22
82 J19

‘E $
Lo2 85
Kr7lcm
Ul 10.9

57 -
n 27

% g
99 82
105 95
111u%

$ %
72 103
85 3.U
96 UIJ
106 117
113 n9

- 93
32 w
55 Kil
71JW
8a 11
100 J
Ill U9

– :
12 $x3
32 M
& 3.31
m 13.5
L05Ug

~ $
– n
22 59
52 107

2 M

OIL
—

59

2

13
3J.2
m—
a
.5’3
T5
88

z
116
—

Z

:
Eq
LOl
U2
—
—

ii
35
73

lx
—

T311U6E%
m 115
lo2 m
111 M.
lle 123

—

Y
lo7
113
117
323.—
g

93
Kn
Uo
U5
Ml

j

G
L02
U
U8
—

;
m
79

2
U6
—

—

z
89

la
lU
—

u
&

$
102
m.
3.3.8
—

z

%
89
103
u—

18
37

;;
Uo
—

—
85

D?

:2
139
123—

3
95
103

117
122.
3s
62
79

1;
13.3
120—
u
g

R
L07
L17
=
\

—

64
78

A1
106
U6
122

104I
107

113

M
M.
95

107
Ill
115
116
lzl

1,0—
.4
.5

f

“:9
L.o

3

;;

.9
L.o
—
M
.5
.6
.7

:;
LO
—

z1%
86 129
lCO 150
115 172
lZJ IA
lb3 215 1

10 97
39 10-2

$E
93 117
106 U8
316 3_2z

– 85
-95
1.92.03
37 3.09

f
‘1 U5

l?o H

-- 70
–m
– 95
26 103
57 111
83 117
3.03122

35
62
79
9’2

%3

i

1%%
129 193
I@ 226
172 ‘@
U’h m
23$ 323

~ 172
U3 215
172 Z%
m ml
‘2& 31L!I
@ 387
26-7hm

811

2
107

:;
lzl

~

93
lol
no
U5
3.im
—

5
32
55
7b
Ea

3X!
—

, , , ,



3Y

.

.

NACATN2$8 17

SOud-px
level

,eest
.,I

-e

:1 i.o 10’.0

Frequemy,kop

(a)Rotationalnoisefromhigh-speedpropeller.

.

r ‘“ ‘1“L
.1 1.0 loo

mm-v, km

(b)Vortexnoisefromrotating

Sound-pressm
level, I

.i Lo lc

Freqwloy,kcpa

rods.

●o

(c)Compositespectmmofrotationalandvortexnoise.
T

Figurel.-Spectrum6of componentsofprope~ernoise.

—._—— -- -.— .—. ——--. -—.-—— —



18 NACATN2568

140-

1.30~

120

llo /

// ‘5 / /
smml A

. /

IH* B=3

: ~ K r

&@ ~ 4 / / / ‘

.
/ /

80
6/
/ / - -,

_ -
/ /

70 /
- - vortex4“

/
A

60.
/

~-

50.
.4 .5 .6 ~ .7 .8 .9 LO

I 1 9 I I I 4
1000 1300 1630 19al 2200 2500 2s00

N,rpm

/ (a) D = 8 feet.

Figure2.-Propellersound-pressurelevelsasfunctionsoftipMach
numberandrotationalspeedforvariousnumbersofblades.
P~ = 1,000horsepower;s = ~0 feet.

.

.

— --—— -- ————— - —.



NACA‘ITJ2968 19

.

ljlo

120

llo

70

60

50

T -t
4

6/

I /1

/.

I- -t - Votiex I I I I I I I

1
? , !

●4 ●5
●6 % 07

.8 .9 1.0

fi. # I I I t
7&l %0 I.ioo 13&l 1500 17b – rwo

N,rpn

(b) D = 12feet.
\

Figure2.-Continued.

—.— ———. — .-— ——-————— --



20 WA TN2568

w

130

220

I.lo

70

60

B=3

/

/ /
/

8

/

04 ●5
●6 Mt “7

.$ ●9 1.0

5&0
s 1 * ,
700 900 1-1oo B’(3O

N,rpm

(c) D=16 feet.

Figure2.-Continued.

.

.

.

—— -- —_—_.–..— .



“

#

NACATN 2968 21

.

w-

130

120

32.0 - “
/

% 100
A

G
H /
6

/
cl

:& 90 —B=3 / / r

4
F

80 / -
/ w 4 -

/ - 4 /
, / /
6

70
/

/

60. 8

50.
.4 .5 .6 ~t .7 .8 .9 1.0

t 1 1
4;0

t I I I
500 do 7bo 8b0 950 1000 I-lbo

N,rprn

(d) D = 20 feet.

Figure2.-Concl@ed.

—. .- —-— —.. —
,._—. — — —— —



w

130 k

Z20

/
/

/

/ #
B3= / /

D
“ 100 A

&>
I
4/ ‘ / ‘

; / /

& 90 / /
6

/

-
/“ / /--

$ / /
/

/ / Vortex/-/
70 / //

{

60

v–

50‘
.4 .5 .6

M+.
.7 .8 .9 l.O

80
t

/t /

/ ‘

I k
“.

1 f I I I
1000 1.360 1600 19m 2200 2500 2800

(a)D = 8 feet.

Figure3.-Propellersound-pressurelevelsasfunctionsoftipMach
numberandrotationalspeedforvariousnumbersofblades.
P= = 2,000horsepower;s = ~0 feet.

.

.

.

.

. ..— .—— — ———



WA TN2968 23

340

lllc

120

320

70

60

50

‘B=3

I
4

6
/

/

/

/
.4 .5 .6

% ‘7 “$ “9 1“0aI & , , }
700 900 SLoo lxxl 1500 lmo 1900

N,rw

(b) D=12 feet.

Figure3.-Continued.

—.-— —.—— .— —.— —— —



.

24 NACATN2%8

130

120

80

70

60

50

r,

.

(c) D=16 feet.

Figure3.-Continued.

—— ..— —— -— — — .—



:Y NACATM2968 23

L!+o

330

320

Ilo

/
A

Da.100 / <

!Hp
/

g
_B=3 / A / ,

[HG 90 .
4

/
/ /

80 /‘ / ‘
/ “’

6
/

/y

/

/‘
/ # /-

70 A
/

0M
8

60

50)
.4 .5 .6 ~ .7 .8 .9 LO

t
4do 5&o

t I I
do

# I
700 800 9do

# I
1000 Iloo

N,rpm

(d) D = 20 feet.

Figure3.-concluded.

—.——. .- — —.



26 WA TN2968

Do

120

no

80

70

60

50

I

/

0
/

/

/

B=3- Y
/

I / ‘ /‘
I
4/ ‘

/ /

/ y

/

6

/
8 / -

/. /

/
/ / - /

- ‘ . Vortex
/ /“

/ /

/ /“

T–

>
.4 .5 .6 ~t .7 .8 69 1.0

t 1 I I t I
1000 1300 Mm 1900 2200 25&O 2doo

1?,rpn

(a)D = 8feet.

Figureb.-Propellersound-pressuelevelsasfunctionsoftipMach
nuniberandrotationalspeedforvaxiousnumbersofblades.
‘H = 4,000horsepower;s = 3~ feet.

.

.

.

.

—.—. — —-.—..——. .—— —



NACATN2968 27

#

w

130

Ill-o

$0

70

60

50

.

.

.

,4/ /

/
/ /

6
/J / /

4 /
12

H

/ /
/ /

-–

!
.4 ●5 .6

% “7 “8
.9 1.0

II a , # I 1
700 gti 11oo 13’oo 1500 1700 1900

N,rpm

(b) D = M!feet.

Figure4.-Continued.

.— —



w

130 ‘

no

F

llo / /

B=3
100

/ / ‘

90 /
6

_ /+-
80 { /-/

8
70

60

50
.4 .5. .6Q.7 .8 .9 1.0

540
I * m s
700 900 11oo lwo

N,w

(c) D=16 feet.

Figure4.-Continued.

.

.

.

. .—



NACATN2$%8 29

.

Il+o-

130

Uo

I.lo //

/

~loo B=3~ < /
.

lHP

3
,HG 90 /

6y” /‘ -
/ /4

80 /“ //
<

/ “
/“- Vortex

/ / / 1

70

/

60

50● ●4
.5 .6 .7 .$ .9 1.0

Mt
I I t 1 1 I

o 5ti 6bo 7b0 8b0 960 1600 I&
N,rpm

(d) D = 20 feet.
J

Figure4.-Concluded.

.— .—— --- .——
-–.. ———



30 NACATN2s68

I-@

130

I.lo

80

70

60

50

/

B=3
/

4 / /

/ /

6/ ‘

/

/
/ /

/ / -
//“

/
/

/

/ .

.4

1 , I I I I

1030 1.3’oo ldo 1900 22bo 2500
N,rpm

(a)D = 8feet.

Figure5.-Propellersound-pressurelevelsas functionsoftipMach
numberandrotationalspeedforvarious-numbersofblades.
P= = 6,OOOhorsepower;s = 300feet.

.

——. —— ————-— — —. — ———



.

w

1.30

Eo

U.o

,H@ 90

80

70

&l

50

B=3

I
/

4/

6

/

,
.’4 .5 .6 ~ 07 .8 09 1.0

#I 1 , I 1 I J
700 900 I.loo 1300 15(II 1’/00 1900

N,rpm
.,

(b) D = 12feet.

Figure5.-Continued.

—-. . —



32 NACA~ 2968

w

130

120

Ilo

80

70

60

50

(c) D=16 feet.

Figure~.-Continued.

.

.

..



5Y NACATN2X8 33

.

,.

IJpo

1.30

no

11.o

70

60

50

/

/

‘B=3

1 F f
4 /
/

/
6
/ 1 + ./

/- + / .-
.-- Vortex/ 4

6
/

/ /~
e/

/

T–

. 1
.4 .5

“6~”7, ”8, “9, 1“0,t I
&o 500 600 700 800 900 1000 lloa

I?,rpm

(d) D = 20 feet.

6660 0/

F

Figure5.-Concluded.
300 ,

.— —.— .. ..— . — _ .-. —



34 NACATN2968

L!+o

130

120

80

70

60

50

—I? 3= / / ,

I , /
/

/
/

I I I/r I

IT

.4 ●5 .6 ~ .7 .8 .9 1.0
I 1 I * t 1 I

1000 1.3oo tioo 1900 2200 2500 ZJO()
N,rpsn

(a)D = 8feet.
Figure6.-Propellersound-pressurelevelsasfunctionsoftipMach

numberandrotationalspeedforvariousnumbersofblades.
~= 8,OOOhorsepower;s = ~0 feet.

.

.

.— ———— —— ___ —



NAC~TN2$8 35

w

130

120

1-1o

3
,LJ 90

80

70

60

50

.

.

/
/

K

K /

/
/ <

/

_B=3 / ‘ / /

/

6~j / ‘

/

/ /-
/ /

13
/

/ /
/ / Vortex//4

/ / /

/

v—

.4 .5 .6
% “7 “g .9 1.0

I I 1 1 I
700 960 1.3oo 1500 1%0 19b

N,rpn

(b) D=12 feet.

Figure6.-Continued.

.

——. — ——



36 wCA !n?2s+S8

w

1.30

120

no

a
G
cd

,H. 90

80

70

60

50

B=3

4

6

/ “
{

/-
/./

/ /- /
-

./ ~ Vortex
/ /“

/

v–

.4 .5 d Mt “7 88 .9 1.0
Ik * t * ‘1

500 700 900 Iloo 1300
N,rpm

(c) D=16 feet.

Figure6.-Continued.

.



NACATN2H8 37

.

“

L@

130‘

//

120T /

I
/

I

SLo- t /
B=3 “

100”-

90
.

/ d- / -
/ /

80 / / / /
8 / / 4r

Vortex/ ‘
/

60

T—

50
~,

.4 .5 .6 .7 .$ .9
Mt

LO

Jo 5b0
1 I

I I
1 ,

{600 700 800 9CXI 1000 Iloo
N,rpm

(d) D = 20 feet.

9000+ Figure6.- Concluded.

_——..—— — .. — — —



38 NACA!DT2968

130

120

Ilo

.80

70

60

50
.4 .5 .6 ~ .7 .8 .9 1.0

I I I I I I i
1000 1..3oo lLOO 1900 2200 2500 28CQ

(a) D = 8 feet.

Figure7.- Propellersound-pressurelevelsasfunctionsoftipMach
numberandrotationalspeedforvariousnumbersofblades.
pH = 10,000horsepower;s = 300feet.

.

—



NACATN2@ 39

c W

130

120

ILo

% 100

2-
IH

80

70

60

50

>- .-. . . .

/
/

/
0

0

.4 .5
“6, %”7, “3, “9 ,1”0I I

7(H) 900 11oo 1300 15Q0 1700 19b0
N,v

(b) D=12 feet.

Figure7.- Continued.

————— .- .-— — — —.———. .——.



40 NACA!I!M2568

(c) D=16 feet.

Figure7.- Continued.

,

.

.

— . —



.,

.

L?to

X30

120

no

70

60

50

0-
/ /

. /
B=3 / / /

/ / / ‘

4

6

.4 .5 “6 % ““7
.3 .9 1.0

4:0
I I 1 1 I

500 6~ 700 8b0 gb 1ooo doo
N,rpm

(d) D =20 feet.

Figure7.- Concluded.

——— ,.– -— ——— —. --—.



42
NACAm 2%8

B

I
Tin-bladeSil@*
rotatingPropener-1 ‘{Four-bladedu8l-

rotatingpro@l.er

I ‘\ /
c’

A
‘—t

Yly

I

\
/

\

I

/
\/

\ ? \
/

/

.P..Q/&”~D
Four-bladeStih.

I rotatingpropeiler

=s=

B’

rigure 8.- Free-spaceradiationpatte=intheplaneof rotationof
threediffer~tpropellersatthesamepowerandtipMachnumber.

.

.)

— _—— —-—
.—— — - -—–- ——-.



,

Figure 9.-Chert for estimating the over-all noise from super60nic-
type prq=llers. (Wshed lines indicate distances of NO feet
for four different values of propeller diemeter. )



44 WA m 2568

D,ft

108 ; /

/6L /
/

lok m / /

lCQ
/

/ A

e 96 }
2

[H

92 {

,:-,

88

8&

=z=–
1)
f

80
0 2a10 lo,mo

Horsepower

Figure10.- Sound-pressurelevelofpropelJerrotationalnoiseasa
functionofpowerinputanddiameter.B = 6;Mt =0.6; s = ~() feet.

— —



I

.

1
!

w

a

74

& /
/

55 /

50 I I I I I I I 1

1 3 10 30 103 30J loxl

Bladearea,~, oq 1%

Figure 11.- Sound-pressure levels of vortex noise as a function of
propeller-bkde mea and tip Mach number.

I



Loox 10-3

.30

.10

.03

.01’
.1 .2

20

—

,

\—

\
—

—

—

—

—

—

—

—

—

—

—
—

-

—

—

—

—
—
—

—

—

—

—

—

\

—

\
—

—

\
—

i

—

1.0

FigurelJ2.- Powercoefficientperunithorsepoweras
Kch nwiberandpropellerdiameter.p = 0.002378
foot.

a functionoftip
slugspercubic

.



.0 I L
2,000 6jti0

T,lb

/

(a) D=8 feet,

I0.00

3.03

1.00

~ .30

.10

.03

.0 I

‘O”OOFm=
I I I , , I

I

3.00

1.03

Iiwvi I,5

v! “v[”kl,/,/ [

.Olm
qmo 20,0m 3,mo qooo 20,0CQ 4,000 K3,0m 30,0Cm
T,lb

(b) D = 12 feet.

Figure13.- Static *t for a

of tiD Mach number

T,lb

(c) D = 16feet.

given power coefficient
and propeller diamet=.

T,Ih

(d) D m 20 feet.

as a fuuction


